Abstract: Nematomorpha, horsehair or Gordian worms, include about 300 freshwater species in 22 genera (Gordiida) and 5 marine species in 1 marine genus (Nectonema). They are parasitic in arthropods during their juvenile stage. In the present study, the used gordian worm was found in the feces of a dog (5-month old, male) in July 2014. Following the worm analysis using light and scanning electron microscopes, the morphological classification was re-evaluated with molecular analysis. The worm was determined to be a male worm having a bi-lobed tail and had male gonads in cross sections. It was identified as Gordius sp. (Nematomorpha: Gordiidae) based on the characteristic morphologies of cross sections and areole on the cuticle. DNA analysis on 18S rRNA partial sequence arrangements was also carried out, and the gordiid worm was assumed to be close to the genus Gordius based on a phylogenic tree analysis.
INTRODUCTION
Juvenile horsehair or gordian worms (Nematomorpha) are obligate parasites of terrestrial insects and, as adults, are freeliving in freshwater sites including lakes, streams, and rivers [1, 2] . After the larval stage, adult worms kill and leave the host for the beginning of the free-living stage [3] . Nematomorpha include about 300 freshwater species in 22 genera (Gordiida) and 5 marine species in 1 marine genus (Nectonema) [4] .
Even though terrestrial insects act as a host, there are some reports on the presence of Nematomorpha in frogs, fishes, birds, and mammals including human beings [3, 5] . However, mammalian parasitism of gordian worms is uncommon in the literature, although many gordian worms have been identified in different parts of the world from specimens recovered from the mouth, urethra, and anus [6] [7] [8] [9] . To date, a total of 9 species in 3 genera have been recorded in the gordioidean fauna in Korea [10] [11] [12] . Although the distribution and identification for gordian worms have been studied, there still remained a lot of undefined gordian worms.
This study deals with a Gordius sp. (Nematomorpha: Gordiida) passed in a canine feces in Korea. For identification of the gordian worm, it was studied by light, scanning, and transmission electron microscopes, and the morphological classification was re-evaluated with molecular analysis.
CASE DESCRIPTION
In Nonsan-si, Chungcheongnam-do, a gordian worm was passed in the feces of a cat (5-month old, male) which was alive and wiggling vigorously at that time (Fig. 1) . The worm was placed in lacto-phenol solution (glycerin 20 ml, lactic acid 10 ml, phenol 10 ml, and distilled water 10 ml) for 24 hr and tentatively identified under a light microscope.
For scanning electron microscopy (SEM), the pieces of parasite was washed 5 times with 0.2 M cacodylate buffer (pH 7.3) and fixed in 2.5% glutaraldehyde, post-fixed in 1% osmium tetroxide at 4˚C. The specimens were then dehydrated in a graded ethyl alcohol series, dried by a CO2 critical point dryer, coated with osmium, and examined by a SEM (S-4800, Hita- For the DNA extraction and amplification, the genomic DNA was extracted from the gordian worm by using a DNeasy® Blood and tissue kit (Qiagen, Alameda, California, USA) according to the manufacturer's instructions. Several sequences from Gordius albopunctatus, Gordius aquaticus, and Gordius paranensis were aligned using Multiple Sequence Alignment (Clustal Omega, http://www.ebi.ac.uk/Tools/msa/clustalo/), and then common Gordius primers were designed using the online tool (Primer3input, http://primer3.ut.ee/). An 18S rRNA region spanning internal transcribed spacer 2 (ITS2) gene (DNA) was amplified for genomic DNA sequence using PCR. The oligonucleotide sequences of primers employed to detect Gordius 18S rRNA region spanning ITS2 gene (DNA), were 5´-GTCGTAACGGGTAACGGAGA-3´ (forward) and 5´-TTTCGGACCAGGAGAATGAC-3´ (reverse). The primer set were designed around 1,165 bp product, variable for all sequences aligned. Under standard condition such as 95˚C for 30 sec, annealing at 60˚C for 30 sec, and extension at 72˚C for 1 min, PCR reaction was performed in a MyCycler Personal Thermal Cycler (Bio-Rad Laboratories, Hercules, California, USA) using EmeraldAmp GT PCR Master Mix (Takara, Shiga, Japan) with 1 μl DNA aliquot. The PCR products were next visualized via electrophoresis on 1.2% agarose gel, and then purified using QIAquick PCR purification kit (Qiagen).
For the PCR sequence analysis, amplifications were directly sequenced using ABI Prism Big Dye terminator (v. 3.0) ready reaction cycle sequencing kits (Applied Biosystems, Foster City, California, USA) with the same primers as those used in PCR. The sequencing reactions were run on a PE Applied Biosystems 3100 automated sequencer. The sequence data were aligned by Clustal Omega program (clustal O 1.2.1). A phylogenetic tree-based sequence analysis was conducted by neighbor-joining using the blast tree program (http://blast.ncbi. nlm.nih.gov/Blast.cgi).
In gross findings, the body was 19.5 mm in length and 1.0 mm in diameter (Fig. 1A) , and its color was light brown. In more details, the anterior end (calotte) was rounded with dark color, and the mouth was presented at the center (Fig. 1B) , but the white tips were not found on the cuticle. The posterior end was bi-lobed with blunt lobes, with each lobe about twice as long as wide (Fig. 1C) . The cuticle was smooth and slippery. Using SEM analysis, the cuticle structure was not shown as the elevated (increased or high) cuticular areoles on the surface of the body, but the spines on the cuticles of the anterior portion were sseen ( Fig. 2A-C) . While hairs were found on the anterior portion, it was difficult to find spines in the midbody, as shown in Fig. 2D and E. The cuticular areoles appeared slightly on the anterior portion. The distinct crescentshaped fold was located behind the cloaca, and the inverted Vshaped ridge containing some bristle was anterior to the cloaca (Fig. 2F) . Interestingly, male tail lobes were 2 times shorter than their diameter. The post-cloacal crescent was semicircular, with the width of about 200 µm, which was about 50% of the width of the posterior end at the level of the crescent (Fig. 2F) . During the tail lobes branched directly behind the postcloacal crescent, the bristles on the tail lobe were rare. The arms of the crescent do not extend onto the tail lobes (Fig. 2F) .
To identify the genotype of the used Gordius specimens, its genomic DNA was analyzed by the sequencing method. The ITS2 region of 18S rRNA in Gordius specimens was identified and compared with that of G. albopunctatus (U99337.1), G. aquaticus (X80233.1), and G. paranensis (AF421766.1), respectively. As a PCR amplicon, partial ITS2 sequences (1,097 bp) of the Gordius specimens contained 38 variable sites of common sequence in which belonged to the same clade as G. albopunctatus, G. aquaticus, and G. paranensis, respectively. The sequence of Gordius specimens was shown with high similarity in G. albopunctatus (97.6%), G. aquaticus (97.6%), and G. paranensis (97.1%), respectively. Furthermore, partial ITS2 sequences of the Gordius specimens reveal the low gap difference of nucleotide in G. albopunctatus (0.7%), G. aquaticus (1.0%), and G. paranensis (0.8%), respectively. Although 5 DNA regions of Gordius specimens was not matched with above sequences of the 3 Gordius sp., the identification was also supported by the fact that they belonged to the same clades as Gordius in the phylogenetic tree based on the used ITS2 rRNA gene. When the sequence of Gordius specimens was compared with genes from several horsehair worms, the sequence data was inferred using the neighbor-joining method. The sequence of Gordius specimens was identified as a species that is genetically close to the Gordius species (U88337.1, X87985.1, X80233.1, AB470227.1, AF421766.1, U51005.1, AY863409.1), Paragordius species (AY428819.1, AF421771.1, AF421770.1, AF421769.1), and Chordoes species (AF421763.1, AF036639.1) (Fig. 3) . 
DISCUSSION
The class Gordiacea includes 2 recognized families, Gordiidae and Chordodidae. The members of Gordiidae have a smooth cuticle, even though the areoles in some species of Gordiidae occur. The cuticle in Chordodidae is rough with true areoles. These subfamily groups include 18 genera (Chordodes, Paragordius, Parachordodes, Neochordodes, Pseudogordius, and others). There are also other genera with 2 types of areoles, but the characteristic for Parachordodes is that 1 of the 2 types is very large and has a pore on the top. This type is called a superareole [13] .
The traditional classification includes 4 families: Gordiidae including genera with a so-called postcloacal crescent (Gordius and Acutogordius), Spinochordodidae including the genus Spinochordodes, Lanochordodidae including the monotypic genus Lanochordodes, and Chordodidae including all remaining genera [4] . The genus Chordodes is the largest genus of Nematomorpha with about 90 described species [14] . A semicircular or parabolic crescent posterior to the cloacal opening in males (i.e., the postcloacal crescent) characterizes the genus Gordius. This structure is also present in the South American and Southeast-Asian genus Acutogordius, which is easy to distinguish from Gordius by the possession of pointed tail lobes in the male. The diagnostic features of nematomorphs include the shape of the posterior end and cuticular structures. These structures are most reliably documented with SEM, which is the primary tool in gordiid taxonomy. Also, light microscopy of cuticular structures is still necessary and important [15] .
Gordius species often lack diagnostic characters in addition to the postcloacal crescent. In more details, the male posterior end usually lacks bristles or spines, and several species have a smooth cuticle without areoles. For some species, a rhomboidal pattern has been reported, which is due to the underlying cuticular fibers arranged in crossed layers where fibers of adjacent layers form an angle. White spots on the cuticle are also a common pattern, but the latter is not a reliable diagnostic feature [16] . In our case, the areoles were slightly shown at anterior and posterior portions, but the white spots were not found.
In Korea, 2 species of Gordius (G. robustus and G. lineatus) have been previously reported [11] . G. lineatus (now Gordionus lineatus) is easily distinguished by characteristics of its dorsal and ventral lines. This worm resembles G. aquaticus because it does not possess a row of hairs around the male cloacal aperture, but differs from G. robustus and G. aquaticus which had wick areoles on the surface of cuticles. Moreover, G. lineatus is similar to G. robustus in that it has short hairs over the whole body cuticle, especially anterior and posterior portions.
Many studies have been done on the ultrastructure of the cuticles of gordiids. However, no agreement has been reached on naming the different strata that compose it. Swanson [17] described the 2 components of the cuticle (homogeneous and fibrous layers) in his work on Paragordius varius and G. robustus. Zapotosky [18] described 3 main cuticular layers (the cortex, areolar, and basal, which are in turn subdivided into sublayers) in his work on P. varius. Bresciani [19, 20] , when referring to G. aquaticus, determined the presence of 2 cuticular layers, the protective and fibrillar components. Eakin and Brandenburger [21] , working on an unnamed Gordius sp., also found 2 layers, these being the epicuticle and the fibrillar cuticle. In our study, the cuticle consists of 3 layers, the epicuticle, germinal layer, and fibrillar layer.
The worms have been occasionally reported in humans, but hardly ever in domestic animals. A mammalian case of a Gordius worm passed the worm through the anus or vomited it out, and another case of a Parachordodes worm in the urinary system has also been reported in Korea [1, 12] . In Japan, Saito et al. [8] reported a hairworm vomited by a domestic cat. Although the worm seemed to be similar to Gordius ogatai, it could not be readily identified as G. ogatai [8] . Furthermore, a male worm of Chododes koreensis was reported in the canine vomitus in Korea [22] .
As a nuclear ribosomal DNA, ITS2 sequence of 18S rRNA gene was used to study inter-and intra-specific relationships because it is highly repeated and contains variable regions flanked by more conserved regions [23] . Furthermore, ITS2 sequence has been used for diagnostic purposes at the level of species [24] [25] [26] . For example, ITS2 sequences have been used to characterize the liver flukes as a specific marker [27] . Following above evidences, we assessed the Gordius specimens using molecular approaches. Although the low genetic divergence of Gordius specimens suggests their conspecific relationship with other Gordius sp., sequence data of Gordius specimens could be separated from the genetic information of those hairworms such as G. albopunctatus, G. aquaticus, and G. paranensis.
In our study, the post-cloacal crescent was located behind the cloaca and inverted V-shaped ridge containing bristle anterior at the cloaca. DNA analysis of 18S rRNA partial sequence arrangements was carried out, and the gordiid worm was assumed to be close to G. albopunctatus or G. aquaticus based on the tree analysis. However, sequencing alignment and phylogeny is not enough to conclude that this worm is G. albopunctatus or G. aquaticus, since homology in the sequences had similarity with 97.1-97.6% among the 3 species of Gordius.
